Protective role of 2-imino-4-methyl-1, 2-dihydropyrimido [5, 4C] quinoline-5(6H)-one (IMDHPQ) in indium titanium oxide nanoparticles (InTiO NPs) induced hepatotoxicity was analyzed. InTiO NPs were synthesized and given orally to albino rats to assess their hepatotoxicity. NPs mediated oxidative stress and liver tissue pathology were analyzed. Altered antioxidants (GSH, GPx, and catalase) and, biochemical (SGOT, SGPT, ALP, total protein, and total bilirubin) and histopathological changes were observed due to the oxidative stress caused by InTiO NPs. Varying effects of IMDHPQ on each parameter were observed in the present study. The altered parameters of InTiO NPs exposed rats might be due to the oxidative stress caused by NPs and hepatoprotective or ameliorative efficacy of quinoline compound IMDHPQ on signaling and molecular mechanism needs further study.
Introduction
With the new advent of nanotechnology, industries are extensively exploiting the methods involved in nanotechnology [1, 2] . Constant exposure to the nanoparticles will induce toxic effects. It may cause many other acute and chronic toxic effects like damage to kidney, liver, and lungs and some nanoparticles are carcinogenic [3] . Nanoparticles can translocate through circulatory, lymphatic, and nervous systems to various tissues and organs and even to brain [4] . Due to the minute size, nanoparticles can penetrate through basic biological structures, impairing their normal functions. Diseases associated with inhaled nanoparticles are asthma, lung cancer, bronchitis, emphysema, and neurodegenerative disorders. Nanoparticles may cause colon cancer, blood cancer, heart disease, and cardiac arrest. Translocation to various organs like liver, kidney, and spleen may damage the organ [5] .
Titanium dioxide will synthesize free radicals which may cause oxidative damage to the DNA, but new nanomaterials may have both useful and toxic effects [4, 6] . Indium compounds are highly carcinogenic to human. It also showed 2 Advances in Toxicology increased rates of hepatocellular neoplasm in mice when exposed to low dose for short period [7] . But the synergistic effect of indium and titanium oxide is yet to be known.
Liver is the largest organ in the human body which is situated in upper abdomen. It is involved in major metabolisms and excretion. The major functions of liver are carbohydrate, lipid, and protein metabolism, detoxification, storage of vitamins, and secretion of bile [8] . Hepatitis, cirrhosis, and alcohol-liver diseases are the severe liver diseases. Liver diseases are mainly caused by toxic chemicals, excess consumption of alcohol, infections, and autoimmune disorders. Most of the hepatotoxic chemicals damage liver cells by inducing lipid peroxidation and other types of oxidative damage [9] . Pyrimidoquinoline is the clubbed compound of both quinoline and pyrimidine. Pyrimidine has played a vital role in the manufacture of various biologically active drugs as antimicrobial, calcium channel blockers, antitubercular, antibacterial, and anti-inflammatory [10] . Many classes of chemotherapeutic agents containing pyrimidine nucleus are in clinical use. According to research, if pyrimidine and quinoline moieties are clubbed into one molecule, the resultant molecule may enhance the pharmaceutical activity [10] .
Novel quinoline derivative synthesized by cyclisation is 2-imino-4-methyl-1, 2-dihydropyrimido [5, 4C] quinoline-5(6H)-one (IMDHPQ) and it is derived from the compound 4-hydroxy-3-acyl quinoline-2-one. Pyrimidoquinoline ring system has structural similarity to naturally occurring flavines. DPPH, FRAP, radical scavenging assays of this compound shown to have antioxidant effect [11] . Hence, the present study was aimed at investigating the hepatoprotective or ameliorative role of the quinoline compound IMDHPQ against InTiO NPs induced hepatotoxicity in experimental albino rats.
Materials and Method
2.1. Animals. Male albino rats weighing 100-150 g were procured from Sri Venkateshwara Enterprises, Bangalore, and acclimatized for one week under standard 12 h day/night cycle. They were fed with standard rat feed and water. Ethical clearance for experimental protocol and handling the animals was obtained from the Institutional Animals Ethical Committee prior to the beginning of the scientific investigation.
Drugs and Chemicals.
The chemical compound IMDHPQ was a kind gift (Dr. Mathan S., University of Florida, USA). Standard drug silymarin was purchased commercially from Palakkad, India. SGOT, SGPT, ALP, bilirubin, and total protein kits were procured from Span Diagnostics, Surat, India. And the rest of the chemicals utilized were of analytical grade and were obtained from local source.
Preparation of Suspensions.
Standard drug silymarin and InTiO NPs (50 mg) were suspended in distilled water separately and used for in vivo investigations. The dosage of InTiO NPs was selected based on our previous report [12] .
The nanoparticles were sonicated well before administration because they are known to form aggregates. Quinoline derivative IMDHPQ compound was dissolved in dimethyl sulfoxide to prepare the suspension. All drugs and inducers were administered orally to rats. The animals were treated with respective treatments for 7 days and blood samples were collected under mild ether anesthesia; later the animals were sacrificed and liver tissues were harvested. All experiments were done in triplicate.
Experimental Design

Assessment of Hepatotoxicity.
The blood samples were drawn from all the animals by puncturing retroorbital plexus on 7th day of the treatment. The blood samples were centrifuged immediately to get clear serum and subjected for estimation of various biochemical parameters, namely, SGOT (serum glutamate oxaloacetate transaminase), SGPT (serum glutamate pyruvate transaminase), ALP (alkaline phosphatase), serum total bilirubin, and total protein, according to the manufacturer's protocol (Span Diagnostic, Surat).
2.6. Assessment of Oxidative Stress. Liver tissue homogenate was used for the antioxidants like catalase [13] and phase II metabolizing enzymes GSH [14] and GPx [15] in experimental rats. Thiobarbituric acid reactive substances (TBARS) contents were estimated according to [16] .
Histopathological Analysis.
A portion of liver was carefully dissected out, washed with 0.9% normal saline solution, and preserved in 10% formaldehyde for histopathological observations. Thin sections were prepared and stained with hematoxylin and eosin dye for microscopic observations. The microscopic slides of the liver cells were photographed at a magnification of 40x. 
Results
Indices of Hepatotoxicity.
In the enzymatic assay, SGOT, SGPT, and ALP levels were analyzed in experimental groups. The level of SGOT was elevated in nanoparticles exposed group. However, the quinoline compounds IMDHPQ treatment showed significant reversal of the increased SGOT level. Meanwhile, in the case of SGPT, dosage one (500 L/kg) decreased the increased level of SGPT and dosage two (1000 L/kg) did not show much effect. Likewise, in the case of ALP too, dosage one showed better recovery than dosage two when compared to induced group (Figure 1 ).
Activity of Bilirubin and Protein.
Bilirubin levels were estimated in the present study. It was elevated in nanoparticles induced group when compared to control group. However, with the administration of IMDHPQ, the levels were recovered back to near normal level in both doses. Likewise, total protein content was also elevated in nanoparticles induced group but, with the administration of quinoline compounds IMDHPQ, the protein content was lowered back to near normal level in dosage one compared to dosage two ( Figure 2 ).
Effect of IMDHPQ on Antioxidants Enzymes.
Enzymatic antioxidants levels were estimated. The level of GSH in InTiO NPs induced group showed significant reduction with that of control counterpart. Nevertheless, treated IMDHPQ revealed significant reversal from the decreased level to near normal level in dosage one but dosage two showed only moderate increase. Likewise, the catalase activity showed considerable increase in dosage one treated group when compared to InTiO NP induces group, whereas, in dosage two, the level was insignificant. GPx level was greatly decreased in induced group when compared to that of control group and it was reverted back significantly when treated with dosage one of IMDHPQ. Interestingly, dosage two did not show much effect in both catalase and GPx (Figure 3 ).
Effect of IMDHPQ on TBARS.
The level of MDA in liver tissues of nanoparticle intoxicated rats was significantly elevated when compared to that of control animals. The administration of IMDHPQ reverted the MDA level convincingly in both doses (Figure 4 ).
3.5.
Histopathology. Histopathology of liver sections was analyzed. InTiO NPs exposed liver sections exhibited normal lobular architecture but the portal tract and liver parenchyma showed few granulomas with mild inflammation. Sinusoids were mildly dilated. The damage caused due to NPs mediated oxidative stress was partially cured when the damaged group was treated with quinoline compound IMDHPQ as evinced by the presence no fibrosis, granuloma, inflammation, or fatty changes ( Figure 5 ).
Discussion
In the present study, hepatotoxic effect of InTiO NP in albino rats was demonstrated. The International Program on Chemical Safety (1982) showed that most ingested titanium is excreted with urine and not absorbed by organisms. This implies that indium particles had a stronger toxicity to liver than to kidney. Also, the variation in liver-linked enzymatic activity could be associated with enzymatic variation that could be observed on the basis of age, sex, and other factors. Previous studies indicated that nano-sized particles could cross the small intestine and further distribute into blood, brain, lung, heart, kidney, spleen, liver, intestine, and stomach [17] . Therefore, it is possible that InTiO NP could accumulate in and transport to other tissues after oral administration. However, Chen et al. [17] reported that the different exposure routes, such as inhalation, dermal contact, and different metal salts administration, could cause different toxic effects. Quinoline compounds are proved to be effective in treating various ailments. Generally, phenolic hydroxyl group and imine unit of the quinoline moiety are responsible for radical scavenging function. Several reports have ascribed it to the phenolic hydroxyl group which is preferred over "NH" group [18] . The antioxidant principles are involved in the organ protective activity. Hence, in the present study, the increased level of GSH and decreased lipid per oxidation can be attributed to the presence of antioxidant principle. The high dose in the range of 1000 L showed less significant action when compared to the first dose of 500 L. The dose (500 L/Kg) of quinoline administration proved to be protective to liver, whereas the 1000 L dose was insignificant. However, the treatment of IMDHPQ showed not much effect in the case of catalase and GPx.
Liver enzymes such as SGOT, SGPT, and ALP and bilirubin levels were estimated to assess the level of damage caused by InTiO NPs. The nanoparticle induced group showed rise in the level when compared to normal control rats. This is due to the fact that hepatic cells possess a variety of metabolic activities and contain several enzymes. SGPT and SGOT are found in higher concentration in cytoplasm and SGPT is found particularly in mitochondria. In liver injury, the transport function of hepatocytes is disturbed, resulting in the leakage of plasma membrane, thereby causing leakage of such enzymes leading to the increased serum levels [19] . In the present investigation, the elevated levels of SGOT, SGPT, and ALP and bilirubin in nanoparticle induced liver injury in serum are indicative of cellular leakage and loss of functional integrity of cell membrane in liver as attributed earlier [19] .
SGPT is the best parameter compared to SGOT to justify the liver damage, since SGOT is also present in kidney and cardiac muscle. Treatment with the quinoline compound decreased the elevated levels of SGPT and SGOT which may be a consequence of the stabilization of plasma membrane as well as repair of hepatic tissue damage caused by the nanoparticles. This may be supported by a view of the healing of hepatic parenchyma and regeneration of hepatocytes. Serum ALP and bilirubin levels, on the other hand, are related to the function of hepatic cell. The compound showed dose dependent significant reduction in serum ALP and bilirubin, indicating an improvement in the secretary mechanism.
Lipid peroxidation is a destructive process in liver injury due to administration of hepatotoxicants. In the present study, the elevation in the level of TBARS in rat liver was observed. The increase in TBARS level suggests enhanced lipid peroxidation during tissue damage and failure of antioxidant defense mechanism to prevent formation of excessive free radicals [20, 21] . However, quinoline compound has significantly inhibited the lipid peroxidation. It may be possible that mechanism of inhibition of lipid peroxidation may be due to its antioxidant effect and beneficial action 6 Advances in Toxicology against pathophysiological alterations caused by InTiO NPs mediated tissue damaging radicals.
Glutathione is one of the most abundant tripeptide antioxidants present in liver. In the present investigation, InTiO NPs have depleted the GSH, GPx, catalase, and total protein level with an association of increased lipid peroxidation, which leads to tissue injury and liver damage. Nevertheless, treatment with quinoline compound IMDHPQ reversed the changes occurring due to nanoparticle exposure. The coordinate action of antioxidant system is very critical for the detoxification of free radicals. CAT and GSH-Px decompose H 2 O 2 and protect the tissues from highly reactive hydroxyl radicals. In this study, quinoline compound IMDHPQ alleviated the InTiO NPs mediated oxidative stress with an increase in activities of antioxidant enzymes CAT and GSH-Px, in hepatic samples in dose dependent manner. The above results suggest that 2-imino-4-methyl-1, 2-dihydropyrimido [5, 4C] quinoline-5(6H)-one possesses hepatoprotective property [11, 22] .
Pathology of the organs due to nanomaterials toxicity was reported by many authors [23, 24] and primary organs like liver, kidney, lung, heart, and so forth were affected [23] . Our study shows that InTiO NP particles had stronger toxicity to liver than to kidney as this was further confirmed by the histopathological observations. Microscopic analysis of tissue sections of experimental animals revealed the damage caused by InTiO NPs. Portal tract and liver parenchyma showed few granulomas with mild inflammation. Sinusoids were mildly dilated. Generation of ROS may lead to malondialdehyde production and hepatocyte apoptosis. Swelling of liver cells exposed to nano-copper particles was reported [25] . Liver, kidneys, and spleen were gravely harmed by exposure to nano-copper particle [25] . Previous reports support the results of the present study. However, the damage caused due to NPs mediated oxidative stress was partially reverted when the damaged group was treated with quinoline compound IMDHPQ as evinced by the presence of no fibrosis in treated group. Beneficial effects of the quinoline compound were illustrated in previous study. It may be due to the presence of phenolic hydroxyl, imine unit, and the flavins like structure of the compound [11, 22] .
Conclusion
In conclusion, altered biochemical, antioxidant, and histopathological profiles due to InTiO NPs toxicity were seen in the present study. Treatment with 2-imino-4-methyl-1, 2-dihydropyrimido [5, 4C] quinoline-5(6H)-one in nanoparticles induced group showed convincing hepatoprotective role in experimental rats. Further, detailed study of InTiO NPs induced oxidative stress mediated signaling mechanism and appropriate validation of administration of quinoline compounds for hepatotoxicity is needed.
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